ABSTRACT: Separation of metal laden solid wastes for their recycling utilization using passive pulsed air and active pulsing air classifiers was studied. Laboratory investigation showed that the active pulsing air separator performs more efficiently than the passive pulsed air separator due to the ability to accurately control operating parameters. By studying the difference of drag coefficients of the particles moving through the airflow of varying Reynolds numbers, models of the dynamic particle motion were developed and a computer simulation was prepared. Results of the simulation were reported to predict the observed results with artificial tracing spheres being separated by the laboratory equipment. Two different, real world feed materials were separated with the laboratory scale active pulsing air classifier. The discarded catalyst consisting of precious metal components and sintered magnetic beads was separated with the separation efficiency, of 97.6 %. The second real-world feed, electronic scrap crushed to a size of 0.5 to 2 mm, showed a separation efficiency of 92.41 %. At the same time, the grade of the recovered concentrate of metals was above 98 %.
INTRODUCTION
Electronic scraps are the fastest growing solid waste in modern society (Winter and Courtney, 2001) . They contain significant toxic and hazardous substances and if improperly disposed, are harmful to the environment and health (Nwachukwu et al., 2010) . However, recycling and re-utilization of valuable components can be achieved when they are separated effectively (Zhang et al., 1998; Cui and Forssberg, 2003) . Wet processing for electronic scraps classification produces washing sludge. Its entrainment of heavy metals and other wastes may cause more serious environmental impacts (Kozlowski et al., 2000; Luga et al., 2001; Igwe et al., 2008; Nwuche et al.,, 2008; Shah et al., 2009) . Thermal plasma technology also offers a very promising alternative of electronic waste treatment, but it is still in the laboratory (Tippayawong and Khongkrapan, 2009; Tehrani et al., 2010) . Discarded catalysts can be prepared for recycling by chemical processes, such as substance solution, settlement, ion-exchange and continuous extraction. Then the prepared spongy materials contain platinum, palladium, rhodium, gold, silver and so on (Khanfekr et al., 2009) . These spongy materials are difficult to separated from sintered beads by wet separation processes.
Air classification of dry materials with a steadily rising airflow has been used to separate chaff from grain for thousands of years (Joseph, 1979) . It is based on the particles' nature of having different terminal velocities in free fall, which in turn, are dependent upon the particles' varying size, shapes and densities (Stessel, 1992; Feng et al., 2009; Wu and He, 2010) . Because the terminal velocities of valuable minerals and tailings often overlap, low separation efficiency is obtained when utilizing a conventional straight-pipe air classifier. Therefore, the desired density-dominant separation is not achieved (Jackson et al., 1988) . For achieving a density dominant separation, principles of the pulsating air classification and equipment were studied (Senden, 1978; Taub and Peirce, 1983) . The passive pulsed air classification was systematically researched by Peirce and Stessel of Duke University (Peirce and Wittenberg, 1984; Stessel and Peirce, 1986) . In the 1990s, S. Ito of the National Institute of Resource and Environment (NIRE) in Japan studied the performance of the pulsating air classification with a laboratory scale passive pulsed air separator (Ito, 2003) . The direction or sectional area of the separation column of passive pulsed air classifiers is changed. This design varies the air velocity, affects air acceleration, and achieves the objective of separating particles by density (Stessel and Peirce, 1986) . The methodology of active pulsing air classification was put forward in the early 1990s. The pulsating air generator achieves a better performance than the passive pulsed air separators because the particles receive a new acceleration action in every pulsating period. During the process of air accelerating, turbulence is produced in the active pulsing airflow field. Since the flow pattern is complex, the mechanism of the separation of particles by density is still being 
MATERIALS AND METHODS

Laboratory Test on Passive Pulsed Air Separator Laboratory Experiment
Two passive pulsed air separators were used as the experimental settings in this laboratory separation test. "A" represents a design where the amplifications have a ramp cross-section, which gradually introduces a constriction when passing from the bottom to the top of the device. The total length of the separating column is 2000 mm and the lowest constricting damper is fitted 300 mm above the column bottom. The damper reduces the column radius by 15 mm over a vertical distance of 20 mm. "B" represents an alternate design where the constriction is gradually reduced when passing from bottom to top. Otherwise, its geometric parameters are the same as classifier "A". The laboratory classifiers are fitted with three or four dampers.
Dampers, whose dimensions are the same as that in the classifier "B", were fitted at the flange joints. Four configurations of the classifier were tested by installing one, two, three and four dampers. These were marked respectively classifiers C, D, E and F. The air classifier marked G is a standard straight-pipe air classifier without any damper.Pieces of aluminum and polyester plastic were mixed as a feed. The pieces had specific gravities of 2.70g/cm 3 and 1.60g/cm 3 , respectively. The geometric sizes of the aluminum pieces and the polyester plastic pieces were 10×7×2.8mm and about 10×10×3mm. They were weighed and then mixed together and fed into the air classifier. After a given time, the samples were collected at a top collecting plate and from a bottom discharge gate. When the separating time reaches 60 sec there were almost no additional light particles being separated, suggesting that the separating operation completes by this time.
For evaluating the separation effect, the total separation efficiency, E f , of light and heavy production is a key index. And, it can be calculated by the formula (Crowe and Peirce, 1988) .
Where x 1 is the mass of light material in the product; x o is the total mass of light material in the feed; y 1 is the mass of heavy material in the product and y 0 is the total mass of the heavy material in the feed.
Separation experiments of the materials indicate that air classifier D, which has 3 dampers, obtains the highest separation efficiency, followed by classifiers C and E shown in Fig.1 . The results of separation experiments also indicate that pulsed air classifiers C, D, E and F, which are fixed with dampers, are more efficient than the standard non pulsating air classifier before 60 seconds separating time. After the separating time exceeds 60 sec, nearly no additional light products in air classifiers marked C, D and E are separated. Only in air classifier F are there a few heavy products reported as light products, so the separation efficiency of air classifier F falls. This phenomenon shows the number of dampers should be within an appropriate extent. Another important criterion for evaluating a good classifier design is that it can maintain high separation efficiency over a wide range of airflow rates. The criterion can be defined as the effective air flow rate over which the separation efficiency is greater than 90 %. Fig. 2 shows the relationship between separation efficiency and separation airflow velocity for different configurations of the classifiers. It indicates that the effective air flow rate for a standard non-pulsating air
